Introduction
Over the last twenty years there has been a significant improvement in Brazilian health indicators 1 . In particular, the reduction of infant mortality 1,2,3 stands out. Even though economic and social progress are usually the first causes associated with improved health indicators, it is possible that public policies are exerting a significant influence in changing the health scenario 4 . For this reason, this study investigates the effects of the Healthy Early Childhood Program (Primeira Infância Melhor -PIM, in Portuguese) program on the mortality indicators of infants under one year old, in Rio Grande do Sul State, Brazil.
Opportunities for play, exploration, and learning are necessary for a child's healthy and creative development 5 . The recognition of what the child knows how to do better, the affectivity and the connection between parents and the child generate a family and social environment that are important for children's development. At the same time, this connection stimulates the cerebral, emotional and behavioral development of the child with reflexes for his adulthood 6, 7 .
Despite this importance, the presence of poverty and the social vulnerability of the family might result in less interaction between parents and children, less affective connection and less care with child development. Estimates based on the Index of Early Childhood Development show that 36.8% of children aged 3 to 4 years from low-and middle-income countries do not reach the basic development of cognitive and socioemotional skills 8 . Evidence shows that a child raised in a poor family knows fewer words than a child from a wealthier family 9 , and that poor families are less likely to take their children to health centers 10 . On account of this reality, public policies for early childhood intervention based on home visits are classified as effective policies that promote a successful strategy to reduce the damages caused by poverty and social vulnerability 5 .
Given that PIM is a home visit-based program, in this study, we assess PIM's effects on mortality indicators caused by general causes, diarrhea and external causes in the municipalities of Rio Grande do Sul. We investigate whether the program has been successful in reducing infant mortality in the municipalities covered by the program. In addition, we perform a cost-effectiveness analysis.
Healthy Early Childhood Program
Created as a social policy in Rio Grande do Sul in 2003, PIM became State Law n. 12,544 on July 3, 2006 11 . Its methodology is based on the Cuban Educate Your Child Program, coordinated by the Latin American Reference Center for Early Childhood Education (CELEP), from whom PIM initially received support for its implementation. PIM can be defined as a transversal action that aims to promote the full development of children in early childhood, respecting skills formation at each stage. The goal of promoting the development of cognitive and socioemotional abilities is based on literature 5, 6 . Specifically, the objectives of the program take into account the literature on: (i) the positive role of the cognitive and socioemotional abilities in school performance and later in life; (ii) the consequences of unequal promotion of these abilities compared to other children; and (iii) the importance of the family environment for the development of these abilities 12, 13, 14, 15, 16 .
In general, the different programs of early childhood interventions are child-, parent-or jointfocused 17 . PIM is focused on both the family and the child, using entertaining activities as a tool to strengthen the families' abilities to educate and care for their children. Anther PIM objective is to develop actions to prevent infant mortality.
The actual "treatment" given by the program consists of monitoring families with pregnant women or children from 0 to 6 years of age, for the stimulation and adoption of good care practices, using entertaining activities and always focusing on the child's interaction with the family and the community. This monitoring practice is conducted through two types of weekly visits: at the family or community level.
In the former, the program is directed at the participating families that have pregnant women or children under 3 years of age. In the latter, which occur in public places, it is directed at the families that have enrolled in the program and have children under 6 years of age. In these weekly visits, the Cad. Saúde Pública 2018; 34(4):e00027917 visitors promote playful activities that stimulate family and community relationships with children, with the aim of achieving their full development.
The elaboration of care plans for the individuals, together with the health agents, social workers and educators of the municipalities, is part of program's actions. The program also seeks, in an intense way, to identify women in early stages of pregnancy and children in situations of social vulnerability and at risk of violence to join the program. Regarding newly pregnant women, PIM aims to find them before the first prenatal visit in the first quarter of pregnancy. PIM provides them with orientation to promote breastfeeding, healthy nutrition, general and health care, besides actions with the health system, with the intention of reducing maternal and infant mortality and improving citizenship.
PIM began its work covering 9% of the 496 municipalities in Rio Grande do Sul in 2003. After a rapid expansion, the program reached 45% of municipalities in 2006. Since 2010, the program has been covering half of the municipalities statewide. However, the percentage of children benefiting is relatively low, with population coverage at less than 6.59% of the total children aged between 0 and 6 years.
Methodology
We used an ecological and longitudinal approach through the use of municipalities' panel data, which are transverse cohorts repeated over time. In the present study, data from the 496 municipalities of Rio Grande do Sul are repeated between the years 2006 and 2012. For identification of the program's impact and the existence of possible heterogeneous effects as a function of length of exposition, we explore the different entry times of each municipality into the program, as well as respective length of exposure to the program. This type of methodology has been applied for an evaluation of the Family Health Program (FHP) 18 .
Outcomes analyzed include mortality rates caused by general causes, mortality rates caused by diarrhea, and mortality rates caused by external causes. All results accounted for children under one year, and they are measured per thousand children under one year old.
PIM's effectiveness is measured for each municipality by year, according to the following four classifications: (i) the municipality did not join PIM, in year t; (ii) the municipality joined PIM from one to three years ago, starting in year t; (iii) the municipality joined PIM from four to six years ago, starting in year t; and (iv) the municipality joined PIM seven years ago or more, starting in year t.
Based upon previous studies about the effects of health policies 4, 18, 19 , we selected variables that could confound the identification of effects of the program on mortality rates. These variables include demographic characteristics (proportion of men, youngsters from 0 to 14 years of age, adults from 15 to 29 years, adults from 20 to 59 and elderly people 60 years old or more) and gross domestic product (GDP) per capita at municipality level (constant prices, considering 2000 as the base year). Moreover, at a per capita of one thousand inhabitants, total number of schools, teachers, physicians, nurses, hospital beds, hospitals and out-patient clinics were added. Regarding vaccination coverage, we included information for the Bacillus Calmette-Guérin (BCG) vaccine, which prevents tuberculosis, yellow fever, poliomyelitis, triple bacterial (DTP) and first dose against rotavirus .
We also performed regression analysis stratifyng the sample according to FHP coverage: low coverage and high coverage. The first group was formed by municipalities with FHP coverage up to the median of mean of FHP coverage during the sample years (2006) (2007) (2008) (2009) (2010) (2011) (2012) . The second group was formed by municipalities with FHP mean coverage above the median.
FHP is a nationwide health program, which is also based on family visits and focused on poor populations, and has had effects on child mortality 4 . Although the FHP has a focus on a population that is also targeted by PIM, the two programs have distinct natures. FHP develops activities that encourage families to vaccinate children, guide pregnant women about the importance of prenatal care, guide about personal and household hygiene, among other activities. The expansion of primary care and family health provided by FHP's expansion of FHP enabled women and children to have greater access to health services 20 . Increased access to health has brought positive results for children's health, improved prenatal care, decreased infectious disease rates and reduced infant mortality Cad. Saúde Pública 2018; 34(4):e00027917 18, 19, 21, 22 . Therefore, it is possible that there are intereactions between FHP and PIM that might affect infant mortality.
We add a variable to allow for the possibility of different linear tendency across municipalities. Furthermore, we include dichotomous variables for each year considered in the analysis. They are used to capture effects of shocks throughout the time, which might affect mortality in the same way across municipalities 18 .
The assessment of the program's impact is divided into unadjusted and adjusted analyses. The unadjusted analysis does not include any covariate while the adjusted analysis is performed using all above described covariates. The adjusted analysis is similar to the method of differences-in-differences and their derivations. The method of differences-in-differences is widely used in economics, particularly for research related to public policy evaluations. This methodological approach has already been used in epidemiological studies and its validity for health studies is being discussed by epidemiological scholars 23, 24, 25, 26 . The estimated errors are corrected by clusters of municipalities as recommended in the empirical approach of differences-in-differences 27 . The regressions were weighted by municipalities population size, also following previous studies with mortality data aggregated at the level of municipalities and states 18, 28 .
Data
The main dataset was obtained from the DATASUS (Brazilian Health Informatics Department), which is a database organized by the Brazilian Ministry of Health. It encompasses all secondary healthcare episodes in the public sector, including the number of deaths by age and by cause 29 , for each municipality in Rio Grande do Sul. Moreover, the database provides information regarding health facilities and workforce (hospitals and physicians, for example). FHP's data about vaccination coverage and municipal coverage were also obtained from DATASUS. 
Data analysis
We estimate a group of multivariate equations using the linear estimation method with fixed effects for municipalities. The estimated equation for the adjusted analysis is the following:
The variable y mt represents the children mortality outcome for municipality m in year t. The , and , are binary variables that represent the municipality m's length of exposure to the program in year t (1 to 3 years, 4 to 6 years, 7 or more years, respectively). Municipalities that have not joined PIM are the baseline for comparison (242 municipalities). The vector Χ mt represents the covariates for demographic characteristics, supply of education services, supply of healthcare services, and FHP coverage in municipality m in year t. The θ m controls for the non-observable and time-invariant characteristics of municipality m. The λ t are binary variables for the periods of the analysis and π m t is the term of linear tendency, which might be different for the municipalities. Finally, ε mt is an idiosyncratic error term.
The above defined econometric specification for the adjusted analysis of the program is similar to one already used in literature to estimate FHP's effects on mortality indicators 18 . Such specifications probably generate the best counterfactuals for assessment of the PIM, given that it isolates the effects of time and of other factors capable of affecting infant mortality, which was not done in some
Cad. Saúde Pública 2018; 34(4):e00027917 previous studies evaluating FHP 4, 19 . One example of such a factor is the variation of political management captured by different provision levels of education and healthcare services. Another example is economic crises during certain periods that may affect mortality rates. All analysis was performed using Stata software (StataCorp LP, College Station, USA). Table 1 presents the descriptive statistics -mean and standard deviation (SD) -of mortality rates for infants under one year old by cause of death, for all municipalities from 2006 to 2012. Descriptive statistics of the covariates and of the measures of exposure to PIM are also present in this Table. During the sample period, by a descriptive statistics analysis (without statistical test for trends), the mortality rate by external causes and by diarrhea have been consistent, except in 2011, when rates decreased . Table 1 Descriptive statistics. In 2006, 29% of municipalities were covered by PIM from one to three years (PIM 1 to 3 years). In the following year, this number increased to 35%. By 2012, 17% of municipalities were covered from four to six years (PIM 4 to 6 years), and 27% of municipalities were covered by PIM for at least seven years (PIM 7+ years). This indicates that municipalities increasingly adhered to the program during this period. Table 2 shows the results of both the unadjusted and adjusted analyses. There are three panels of results. The first one is for full sample (all municipalities) results, and the two others are for stratyfing analysis resulsts. For the full sample, there is no significant estimated coefficient in the unadjusted analyses at the 5% level of statistical significance. From the adjusted specification, i.e., from the approach of the differences-in-differences, for those municipalities which had been covered by the program for 7 or more years, PIM's estimated effect was of -0.68 (-1.34; -0.01) deaths caused by external causes per one thousand children. The coefficient is statistically significant at 5%. Considering the 10% significance level, the estimated effect of PIM for municipalities that are in the program from four to six years was -0.45 (-0.98; 0.08) deaths caused by external causes per thousand children. For mortalities by general causes and diarrhea, the estimated coefficients in the adjusted analyses were all negative, as expected, but not statistically significant at the 5% level. However, considering the significance level at 10%, the effect of PIM in the municipalities that are in the program from 1 to 3 years on deaths caused by diarrhea was statistically significant, and its magnitude was -0.10 (-0.22; 0.02) deaths caused by diarrhea per thousand children. Table 2 PIM's effects on infant mortality rates. 
Results

Years of PIM General causes
Discussion
This study used the differences in differences method by exploring the entry year and the time of exposure to PIM in 496 municipalities in Rio Grande do Sul, in order to capture the causal effect of exposure to the program on infant mortality caused by diarrhea, general causes and external causes.
It is worth saying why the analyses are constrained to health indicators for infants. First, the attention the program provides to pregnant women should give positive results in the very first year of life. Second, at home visits are only offered to families with pregnant women and children under three years old. For families with older children, the program offers activities at the community level. Therefore, younger children receive a more intense "treatment" as the direct interaction of PIM community agents with the family, which is possibly a better type of intervention in terms of follow-up and expansion of the children's care than less personalized monitoring at the community level. Taking all these reasons into account, we believe that children under one year of age are the fraction of the population that with the most to benefit from PIM.
Of the results obtained, the most significant reveals that PIM reduces by -0.68 (statistical significance at 5%) deaths by external causes per 1,000 children in municipalities with an exposure time equal to or greater than seven years. Early childhood intervention is not restricted to provision of health care services and nutritional status. There is a growing importance given to the role of the family environment and the degree of encouragement children receive at home as an instrument for the prevention of child abuse and neglect.
PIM and FHP overlap in public served (possibly, families in situation of economic and social vulnerability). As documented in the literature, FHP provided greater access for families to health services that contribute to the prevention of problems associated with child mortality. In this sense, the result obtained from the stratified analysis, the stronger effect of PIM in the municipalities with less coverage of FHP, reveals that PIM may have had the same effects of FHP in those municipalities with less coverage of the second program. However, it is worth emphasizing that nobody is suggesting that PIM should substitute FHP. We are only documenting the positive effects that PIM exerts in reducing infant mortality, in the specific case of external causes, in localities lacking greater FHP coverage.
As already mentioned, PIM is based on family-focused action visits that stimulate cognitive development, explore the relationship of affection between parents and children, and develop good practices that promote child development. In this sense, the obtained result of infant mortality reduction caused by external causes indicates that the program acts to reduce deaths caused by accidents that could be avoided if the caregiver provided greater attention to the child. The evidence obtained suggests the program is successful in promoting better care within the family environment.
This result is statistically significant for municipalities exposed to the program for seven or more years. The time of existence of the program in the municipalities seems to be fundamental for result to materialize. This may be revealing the greater mastery of the technology of operationalization of the program by the agents responsible and involved (managers, visitors, etc.) in the municipalities (learning by doing). In addition, in municipalities where the program has been operationg longer, it is possible that families will also participate longer. Although our study focuses on the mortality of children under one year old, it is possible that, due to older children, families that had already participated in the program benefited from the recommendations of care and good practices.
For programs similar to PIM in other countries, exposure time of families to activities seems to play an important role as well. In the Philippines, the best-performing children spent at least 17 months in the Early Childhood Care and Development Program 30 . In Bolivia, the results of the Integral Child Development Project are also stronger the longer the family stays in the program 17 .
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However, in both programs the outcomes analyzed are not associated with infant mortality, but rather on anthropometric and motor development indicators.
When we compare our results with those in the literature that discusses effects of family -or community -oriented programs on mortality, especially with FHP evaluations, which have very similar methodology to that implemented in this study 18 , we verify that there is no evidence of FHP's effects on children's deaths caused by external causes. We postulate that three factors might explain such differences: (i) they are different programs with different groups of people targeted (FHP has other objectives and methods and has a larger public target); (ii) different periods of time (the existent evaluations for FHP refer to outcomes from the last decade of the past century); and (iii) the state of Rio Grande do Sul has a level of socioeconomic development that is different than that of Brazil in general.
On the other hand, there is evidence that FHP has reduced deaths from general causes and infectious diseases for children. The present research did not find statistically significant (at 5%) PIM effect (on infant mortality caused by general causes and diarrhea), although there is a significant (at 10%) impact for diarrhea. This result may be due to two facts. First, Brazil has shown improvements in the coverage of vaccinations and in the incentive to breastfeeding 2 . Second, the country has also advanced in terms of access to basic sanitation during the last few decades 31 . These developments have had a positive impact on infant mortality prevention. This study controlled PIM's impact to vaccination coverage and availability of medical services in the municipalities. However, it was not possible to control for the effect of increased breastfeeding. As PIM reaches a relatively small fraction of children in terms of the total number of municipalities, it is possible that PIM's effect is dispersed within the effects caused by these social advances.
Even recognizing the possibility that other factors may have slightly affected the reduction on mortality rate, it is possible to carry out a cost-effective exercise of the program. For that purpose, the cost of the program was calculated by disability-adjusted life years (DALY).
From coordination of the program, it was obtained that PIM's per capita cost was BRL 886.76 (BRL 446.76 paid by municipalities and BRL 440.00 by the state) in 2014. Applying a 3% discount rate per year, the total cost of the program in 2012 was BRL 49,775,245.55 (obtained by the product of the cost per capita and total number of children from 0 to 6 years and pregnant women attended, 59,550 people in 2012).
Using the impact of -0.68 deaths by external causes per thousand children in municipalities with 7 or more years of exposure to the PIM, it was estimated that 42.15 deaths of children younger than one year old in these municipalities in 2012 (obtained by the product between -0.68 and the number of children of these municipalities divided by one thousand) were prevented. Given that life expectancy in Rio Grande do Sul was 76.63 years in 2012 (IBGE. http://www.ibge.gov.br/home/estatis tica/populacao/projecao_da_populacao/2013/default_tab.shtm, accessed on 04/Jul/2017), the PIM's DALY was 3,230.46 (product of 42.15 lives saved and 76.63 years of life expectancy at birth). Thus, it is estimated that PIM's cost per DALY was BRL 15,408.10 in 2012.
Following a recommendation from the WHO 32 , which compares the value of DALY to triple the per capita GDP of Rio Grande do Sul in 2012 (BRL 77,598.00) (Fundação de Economia e Estatística. http://feedados.fee.tche.br/feedados/, accessed on 04/Jul/2017), PIM emerges as a cost-effective program. Also, since the cost per DALY is lower than the per capita GDP (BRL 25,866.00), it is highly cost-effective, according to references from WHO.
Regarding this comparison of PIM with GDP-related thresholds, however, it is necessary to highlight the criticisms found in the literature that refer to the fact that many programs may be below the per capita GDP threshold and that per capita GDP per se may not adequately represent society's desire to fund programs, in addition to disregarding budget constraints 33 .
We performed the same exercise, but considering PIM's estimated impact at the 10% statistical significance level. As mentioned in the results section, the estimated effect on deaths by external causes was 0.45 per thousand children in those municipalities where PIM had been operating from 4 to 6 years; moreover, the program had the effect of reducing deaths from diarrhea by -0.10 per thousand children in those municipalities with PIM from 1 to 3 years. With such information and the same calculation procedure, the program presented an even lower DALY cost: BRL 12,261.03. Obviously, with a larger number of lives saved, PIM, which was already highly cost-effective without considering the effects at 10%, remains.
Limitations
Because it is a non-experimental evaluation, this study is subject to the classic problems of evaluation impact 34, 35 . The selection of municipalities to participate in the program was not random nor observable. It might have been determined by characteristics that make municipalities different in terms of outcomes and other characteristics tendencies. For example, it is possible that the program was first implemented in municipalities with higher mortality rates, worse health care services in general, and more poor people. Table 3 reveals that in fact the municipalities that belong to PIM present, year by year, during the sample period, worse averages in terms of mortality rates and per capita GDP than those municipalities that are not covered by PIM. Therefore, the comparison between infant mortality indicators of municipalities covered by PIM with those municipalities not covered might not measure the exact impact of the program, which would weaken the cost-effectiveness analysis of the public policy.
To overcome the problem of not having an experimental study to be evaluated, we need to trust the assumptions of the difference-in-difference's methodology. In particular, we assume the existence of parallel trends or parallel growths of mortality indicators between the municipalities that joined and the municipalities that did not join PIM, if there was no PIM to join, for assessing the existence of causal relation between the program and the analyzed outcomes. In this way, we rely on the fact that the set of control variables used in the adjusted analyses, which is very similar to those already tested and used in literature 18 , give enough confidence to our program's impact estimation.
Another important limitation of this paper is that, unlike FHP, PIM has a lower scope and a higher level of targeting. Given that availability of health indicators is merely at the level of municipalities, the aggregate of the municipalities' mortality indicators may not capture the effects of the program properly. In other words, considering that the group of program's beneficiaries is small within the population of the municipality, the aggregated data at this level may not reliably capture the effects of the program at the individual level of those benefited by the program. This might explain why we have relatively few statistically significant results and high p-values.
Also, it is worth noting that the evaluation of the program in terms of its other objectives, which are the development of the cognitive and socioemotional abilities, is unfeasible since there is no reliable information, to the best of our knowledge, that associate children health and children development for PIM and non-PIM covered children. Finally, regarding the results of mortality rate caused by diarrhea, it would be interesting to include in the adjusted analyses some covariate that captures population access to sanitation and to safe drinking water, which are important characteristics of Table 3 Annual average gross domestic product (GDP) per capita and Infant mortality rates of Healthy Early Childhood Program (PIM) and non-PIM municipalities. infrastructure of the municipalities for the control of diarrhea and other illnesses 36 . In the meantime, the existing data regarding sanitation for the Brazilian municipalities, which is detailed by the National System on Information About Sanitation has several missing values for each year of the study 37 . Therefore, the inclusion of these variables would cause the loss of many observations for performance of the analyses. However, we rely on the fact that the municipalities' GDP per capita is correlated with infrastructure. Therefore, we rely on the fact that the inclusion of GDP among the covariates might mitigate this problem. Finally, internationally successful programs have at least one feature in common: visitors are trained by professionals with degrees 17 . It is possible that differences in visitors' qualification may be associated with program performance.
The municipalities are responsible for recruiting the visitors in PIM, which implies that workers are hired under various work regimes (formal workers, statuaries, scholarship students, etc.). According to data obtained from the program's management, only 8.5 % of the visitors had completed higher education in the year of 2012. However, when aggregating the number of visitors with incomplete higher education, this percentage rises to 43.2%. It is noteworthy that there are practically no visitors with low level of schooling: only 2.7%. Despite the possible importance of the visitor's schooling for the quality of the service provided, it was not possible to control the differences between the qualifications of the visitors in the municipalities in our analysis. Further research can explore this issue.
Conclusions
The debate on the best structure for a social policy is quite intense in Brazil and often confront the evaluation between more focused policies and more universal policies 38, 39 . Universal policies may have a wider appeal for service, but sometimes it is possible that a more focused policy may be the first step towards universalisation. This may be the case for PIM. In this sense, the evaluation of regionallevel and highly targeting programs may be essential for the promotion of equality in the access to health care as well as for the development of capabilities and fundamental skills for individuals social and economic development.
The obtained estimates of PIM's effects on reducing deaths caused by external causes, in children younger than one year old, indicate that the program can be effective to promote a better level of population health and to collaborate for the attainment of the millennium goals established for the region.
Future PIM evaluations must go deeper into research synergies with other social programs, which has already been done for FHP 19 . Can other solution programs enhance PIM's effects? In countries with development levels that are similar to Brazil, which usually have many poverty reduction programs and social policies being simultaneously implemented, both at national as well as regional levels, the issue of the synergies of public policies is paramount for the debate around the evaluation of its results.
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